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Open access unABSTRACTObjective: The purpose of this study was to examine the relationship in change scores between regional lumbar
motion and patient-rated pain of the previous week and back-related function in chronic low back pain patients
enrolled in a randomized clinical trial and treated with either exercise therapy or spinal manipulation using 6 different
motion parameters.
Methods: Regional lumbar motions were sampled using a 6 degrees of freedom instrumented spatial linkage system in
199 participants at baseline and 12-week follow-up. The regional lumbarmotion datawere analyzed as a total cohort aswell
as relative to subgroup stratifications; back pain only vs back and leg pain, and treatmentmodality. For identifying clinically
meaningful improvements in the measurements of back pain and back-related function, we used a 30% threshold.
Results: The relationship between change scores in patient-rated outcomes and objective measures of regional lumbar
motion was found to be weak. In contrast, distribution of pain and treatment received affected associations between
motion parameters and patient-rated outcomes. Thus, stronger correlation coefficients and significant differences
between clinically relevant improved vs no clinical relevant change were found in some motion parameters in the
subgroup with back pain only and the treatment group receiving spinal manipulation.
Conclusion: Overall, changes in regional lumbar motion were poorly associated with patient-rated outcomes
measured by back-related function and back pain intensity scores. However, associations between regional lumbar
motion vs patient-rated pain and back-related function were different in relative subgroups (back pain only vs back
and leg pain and treatment). (J Manipulative Physiol Ther 2014;37:628-640)
Key Indexing Terms: Low Back Pain; Biomechanics; Range of Motion; Manipulation; Spinal; Exercise TherapyHealth professionals routinely measure regionallumbar motion in patients presenting with lowback pain (LBP) in search of objective findings
that could potentially explain the patient's pain. Such
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.condition, guiding treatment decisions, and monitoring
treatment effectiveness.1-4 The theory behind these as-
sumptions is that impairment in the form of restriction in
regional lumbar motion is a contributor to loss of back-
related function or pain reported by the patient. For
instance, if a clinician finds that a patient has reduced
lumbar motion, he/she could prescribe stretching exercises
or perform manipulative treatment to improve mobility; and
“theoretically,” when movement is restored, the patient will
also feel less pain. The idea that the constructs of range of
motion (ROM) and LBP correlate may be based on the
widespread belief that back pain is caused by biomechan-
ical factors that manifest as “inappropriate” motion patterns
or restrictions; and by “correcting” the fundamental
biomechanical problem, this will then reduce the pain
level in a reasonably predictable way.5,6 Several studies
have used objective measures such as ROM to test the
nature of these theoretical relationships.7-15
Commonly used clinical measures for patient-rated
outcomes are pain scales and questionnaire-based
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Roland Morris Disability Questionnaire (RMDQ).16
More objective functional assessments of lumbar motion
can be achieved by a variety of methods including
examination of regional motion using simple low-tech
measurements such as inclinometer ROM, finger-to-floor
distance, or Schober Index.17 However, associations
between these low-tech ROM measures and the patient-
rated measures are low.11,18-20 There may be many
explanations for this lack of association. For example,
heterogeneous study samples, resulting in participants
responding very differently to treatment. Furthermore,
some “signal (movement)” may have disappeared in
“noise” (random or systematic measurement error),
introducing limited usability. Furthermore, changes in
physical (eg, ROM) and mental (eg, pain) outcomes may
not be related at the same time point, that is, it may take
a variable amount of time before “objectively improved
function” translates into patient-perceived improvement,
especially in chronic patients, where psychosocial factors
may complicate and delay the recovery process. Finally,
the hypothesized mechanism behind some treatment
modalities and clinical decision making may be incorrect
at least in chronic LBP patients.
The development of new technologies has made it
possible to derive and quantify more sophisticated motion
parameters such as motion velocity, acceleration, symme-
try, or motion area in 3-dimensional.7,13,21,22 These new
motion parameters may show a better correlation with
patient-rated measures of pain and disability, in particular
when used in a longitudinal context, although there is some
variation between studies.8,9,23,24
The purpose of the current study was to examine, using 6
different motion parameters, the relationship between
regional lumbar (from S1 to T7 spinous process) motion
and patient-rated outcomes in a sample of 199 chronic LBP
patients enrolled in a randomized clinical trial (RCT).
Specifically, we wanted to:
(1) Report associations and compare change between 6
different motion parameters (sagittal spinal ROM,
maximum flexion velocity, phase-plot area, Jerk
Index [smoothness of motion], and 2 circumduction
area motion parameters) with change in back pain
level and change in back-related function (RMDQ)
over a 12-week period, for the whole study sample
and for a subsample of participants, excluding those
with the highest baseline motion scores, as there was
less potential for improvement.
We hypothesized that excluding patients with the
highest baseline scores would result in stronger
associations (hypothesis 1). We also hypothesized
that if patients had a clinically relevant improvement in
pain and back-related function (ie, N30%), this would
correspond to greater change in the motion parameterscompared with patients who did not achieve a
clinically relevant improvement (hypothesis 2).
(2) Investigate in an exploratory fashion whether this
relationship was similar in subgroups based on:
(i) pain distribution, (back pain only vs back and leg
pain) and (ii) receiving different treatments (spinal
manipulation, supervised trunk exercise, or home
exercises over a 12-week period).METHODS
Design
The research design was a prospective cohort study of
participants from an observer-blinded, parallel-group, RCT.25
The participantswere consecutively recruited over a period of
3 years at the Wolfe Harris Center for Clinical Studies at
Northwestern Health Sciences University, Minneapolis, MN.
The Institutional Review Boards of the Northwestern Health
Sciences University, the Minneapolis Medical Research
Foundation, and the University of Minnesota approved the
study. Written informed consent was obtained from all
participants. Regional lumbar motion recordings were
measured during 2 baseline visits (separated by 7-14 days)
and 1 follow-up visit after 12 weeks of intervention. To
illustrate the stability of pain intensity in the overall cohort,
pain intensity levels recorded at the 2 baseline measurement
time points are presented in Table 1.ParticipantsInclusion/Exclusion Criteria. The participants must have
completed baseline and follow-up regional lumbar motion
assessment procedures before being randomized in the
RCT. Additional inclusion criteria were aged 18 to 65 years
and a primary complaint of mechanical LBP of at least
6-week duration with or without radiating pain to the lower
extremity. Mechanical LBP was defined as pain that had no
specific identifiable etiology but that could be reproduced
by back movements or provocation tests.25 Exclusion
criteria were previous lumbar spine fusion surgery,
progressive neurologic deficits, aortic or peripheral vascular
disease, pain scores of less than 3 (0-10 scale), ongoing
treatment for back pain by other health care providers, or
participation in pending or current litigation. Participants
were recruited through local newspaper advertisements,
community posters, and postcard mailings; and initial
screening was conducted by telephone.Randomization and Blinding. In the original study, restricted
randomization using a 1:1:1 allocation ratio was applied
using 4 strata: LBP with radiating symptoms, LBP without
radiating symptoms, LBP of 6- to 12-week duration, and
LBP more than 12 weeks. Objective outcome assessment
was performed by examiners masked to treatment alloca-
tion. Detailed information on randomization, recruitment,
and blinding procedures has been previously reported.25
Table 1. Baseline Characteristics for 199 Chronic LBP Patients Participating in an RCT
Intervention Group (n) SMT (77) SET (62) HEA (60) All (199) NMD (80)
Characteristic (n = 199) Mean SD Mean SD Mean SD Mean SD Mean SD
Age (y) 46 11 45 12 47 11 46 11 44 a 10
BMI 28 6 28 6 28 5 28 6 28 5
Males (%) 35 45 40 40 40
Back pain level (0-10)
Baseline 1 5.3 1.5 5 1.4 5.1 1.6 5.1 1.5 5.5 1.7
Baseline 2 5.3 1.8 5 1.5 5.1 1.8 5.2 1.7 5.2 1.7
Pain more than 1 year (%) 84 77 83 82 83
Quebec Task Force classification (%)
1 69 66 67 67 67
2 19 18 17 18 18
3 12 15 12 13 10
4 2 5 2 5
SF36 physical component 43 7 44 7 43 8 43 7 42 8
SF36 mental component 55 8 54 8 54 8 54 8 54 8
Depression (CESD) 10 10 13 11 11 9 11 10 13 10
RMDQ 36 20 36 21 37 24 36 21 37 21
BMI, body mass index;CSED, Center for Epidemiologic Studies Depression Scale;HEA, home exercise and advice;NMD, no motion data due to instrument error
RMDQ, RolandMorris Disability Questionnaire; SET, supervised exercise therapy; SF36, 36-Item Short-FormHealth Survey; SMT, spinal manipulative treatment
Depression is defined as greater than 16 points on the CESD.
a Individuals who did not complete (n = 80) were significantly different to those who did (n = 199).
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The participating clinicians used standardized forms to
document the events and procedures of each treatment visit,
including patient-rated side effects. A minimum of 80%
attendance at their scheduled visits was required. The
following intervention modalities were used:Spinal Manipulative Treatment. The number of treatments,
spinal levels treated, direction of treatment, and the
schedule of care were determined by each of the 9 treating
chiropractors. Treatment typically involved 2 encounters
per week lasting 15 to 30 minutes that could include manual
spinal manipulation (short lever, low amplitude, and high
velocity) with light soft tissue massage and table-assisted
flexion/distraction and/or prescribed activity modification
as necessary.25 The vertebral levels treated were deter-
mined by the individual clinicians using static and/or
motion palpation.26 The specific spinal manipulation
procedures used have been previously reported.25Supervised Exercise Therapy. Supervised high-dose exercise in
small groups of patients (3-4) was provided (one-on-one
supervision) by 15 exercise therapists trained in the study
protocol. The main focus was dynamic trunk strengthening
exercises (trunk extensions and leg extensions) and
abdominal exercises using low-tech methods. In addition,
a core strengthening program and static stretches (series of
6) with a focus on the lumbar, gluteal, and hamstring
musculature before and after strengthening were imple-
mented. Over the 12-week period, patients were asked to
attend twenty 1-hour sessions. More detail on the exercise
therapy used has been previously reported.25Home Exercise and Advice. Eleven therapists trained in the
study protocol provided counseling on self-care education.;
.The HEA group was intentionally minimal in its approach,
so it could serve as control.25 Two 1-hour sessions were
conducted on self-care measures and ergonomics associated
with work and activities of daily living. These included
postural instructions and practical demonstrations of proper
body mechanics performed with patient participation. A
more comprehensive description of the various intervention
modalities has been published elsewhere.25
Outcomes and Measurements
A comprehensive description and analysis have been
previously reported of the patient-rated outcomes.25
Briefly, an evaluation was conducted during the baseline
assessment and 12 weeks after randomization. Patient-rated
questionnaires were completed at each time point, inde-
pendent of study providers and investigators. Pain was
measured on an ordinal 11-box scale,27 where the patients
were asked to rate their typical level of back pain over the
previous week on a 0 to 10 scale, with 0 being “no pain” and
10 being “worst pain possible;” and modified RMDQ16 was
completed at each time point, independent of study care
providers and investigators. Objective outcome assess-
ments (regional lumbar motion including both sagittal and
coronal plane motions as well as rotation and circumduc-
tion, trunk muscle strength, and endurance) were collected
by a blinded examiner at each time point. Regional lumbar
motion data were sampled during a standardized motion test
using a 6 degrees of freedom instrumented spatial linkage
system with a sampling rate of 100 Hz (CA 6000 Spine
Motion Analyzer; OSI, Union City, CA).
The instrument was calibrated against a calibration bar,
and a zero setting was performed for each participant in the
631Mieritz et alJournal of Manipulative and Physiological Therapeutics
Regional Lumbar Motion and Patient-Rated OutcomesVolume 37, Number 9neutral position before the first test. Participants wore loose
T-shirts and trousers. The instrument was attached to the
patient, when standing in a neutral position with arms
relaxed. The fixed extremity of the device was mounted on
the sacral crest (S2) using a manufacturer-supplied belt. The
mobile end of the device was mounted at the level of T7
using a manufacturer-supplied chest harness, and the top
edge of the horizontal metal pieces was aligned evenly with
the inferior angles of the scapulae (which is level with the
T7 spinous process). The pelvic harness was applied, so that
the binding posts were level with the posterior superior iliac
spines. Neutral position was defined as the patient standing
with eyes open, facing forward, with the feet positioned a
shoulder width apart and arms hanging freely at their side
with the low back in a comfortable position. For all test
directions, stringent test instructions were verbally ex-
plained to the patients.
For backward and forward bending, each patient
received the following verbal explanation: “Ok, I'll have
you find a neutral position for your low back. Place your
arms across your chest and bend backward from the waist as
far as you can go. As you return to neutral, move your
palms to your thighs; and while sliding your palms down
your legs, bend forward from the waist as far as you can go
and then return to neutral (arms across chest). It should be
done at your own pace and without pausing.”
For circumduction motion (full turning of the back),
each patient received the following verbal explanation:
“Find your neutral position and look forward with your
hands on your hips. First, bend backward, then roll to your
left, forward, to your right, to the back, and return to neutral.
It is important to go as far as you can go in all directions.
This entire movement should be done at your own pace
without pausing. So, it should look like this.” After these
trials, the patients were asked to circumduct their back in
the opposite direction; and each patient received the
following verbal explanation: “Ok, this is the last one. It
is the same as the one you just did, but you'll go in the
opposite direction. So go backward, right, forward, left,
back, and then back to neutral.”
Each patient then performed several trial runs as a “warm
up.” Two recordings were obtained at each test session that
needed to display a total ROM variability of 4° or less. A
project-specificMatLab computer programwas used to reduce
the 3-dimensional data into single numbered motion param-
eters. The following motion parameters were determined:(1) Range of motion (degree) was calculated as the total
angular range of lumbar motion in the sagittal plane
expressed in degrees from maximum extension to
maximum flexion (intraclass correlation coefficient
[ICC(1,1)], 0.69).
(2) Maximum flexion velocity (degree/second) was
calculated as the peak angular speed in the forwardbending motion reached from full extension to full
flexion (ICC(1,1), 0.69).
(3) Phase-plot area (degree2/second) was defined as the
area comprised by the phase-plot of sagittal flexion-
extension angular motion vs velocity. Phase-plot
area was calculated based on cross-product calcula-
tions between vectors drawn from the neutral position
to each coordinate point in the phase plot (ICC(1,1),
0.74).
(4) Jerk Index was calculated from maximum extension
to maximum flexion as the mean spectral frequency
of the first derivative of the angular acceleration
signal multiplied by movement duration. This
parameter indicates the number of changes in
acceleration, that is, the smoothness of the motion
(ICC(1,1), 0.55).
(5) Three-dimensional circumduction area (square cen-
timeter) was defined as the curved 3-dimensional
surface formed by the translatory motion from the
point (0,0,0) to each point formed by (x, y, and z)
coordinates. The area was calculated based on cross-
product calculations between vectors drawn from the
neutral position to each coordinate measurement
point in the circumduction motion. The average of
left and right circumduction areas was used in the
analysis (ICC(1,1), 0.68).
(6) Two-dimensional circumduction area (degree2) was
defined as the 2-dimensional surface area of the
angular phase plot formed by the frontal and sagittal
motion (Figure 1). The area was calculated based on
cross-product calculations between vectors drawn
from the neutral position to each coordinate mea-
surement point in the circumduction motion. The
average of left and right circumduction areas was
used in the analysis (ICC(1,1), 0.81).
The ICC(1,1) values presented after each measurement
represented the reliability of regional lumbar motion
parameter in pain intensity-stable participants (n = 149)
with a pain level defined as a maximum change of ±1 on
ordinal 11-box scale during the previous week between the
baselines 7 to 14 days apart. As a guideline, Portney and
Watkins28 suggest that values below 0.50 represent poor
reliability, coefficients from 0.50 to 0.75 suggest moderate
reliability, and values above 0.75 are indicative of good or
high reliability. This instrument has been evaluated in
several studies for reliability29 and validity.30 In a recent
literature review, it was concluded that these instruments
were used under standardized conditions that may be
considered reliable enough to be used for research purposes
on the group level.29Statistical Analysis
We first determined if the participants who completed the
motion tests were different compared with those who did not,
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Figure 1. Clockwise circumduction motion in a typical patient before and after treatment.
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parameters: age, sex, body mass index (BMI) (kilograms
per square meter), duration of pain, baseline physical
component score (36-Item Short-Form Health Survey),
baseline mental component score (36-Item Short-Form
Health Survey), baseline depression score (Center for
Epidemiologic Studies Depression Scale [CESD]), Quebec
Task Force classification, LBP intensity and leg pain intensity
(ordinal 11-box scale),27 RMDQ,16 and intervention group.
No significant difference between the 3 treatment
groups, supervised exercise therapy (SET), spinal manip-
ulative treatment (SMT), and HEA in terms of pain and
other patient-rated outcomes, in short- and long-term, were
found in the primary analysis.25 Based on these results, we
found it acceptable to collapse these treatment groups to
analyses associations in changes in pain- and back-related
function vs regional lumbar motion in the total cohort. To
examine how this potential relationship relates to other
factors, we also did an exploratory analysis to investigate
relationships of the data relative to subgroups, that is, based
on pain distribution, (back pain only vs back and leg pain)
and different treatments (SMT, SET, and HEA).
The learning effect is a well-known phenomenon that may
influence outcome, that is, change the course of movements
in the habituated state. Tominimize this potential problem, all
patients participated in 2 baseline assessments; and all
analyses were based on change scores between the second
baseline and after 12 weeks of intervention. For identifying
clinically meaningful improvements in the measurements of
back pain and back-related function (RMDQ), we used a 30%
threshold as recommended by Ostelo et al.31
An increase in motion score was considered to be related
to an improvement in patient-rated outcome with the
exception of the Jerk Index, which was expected to be the
opposite, that is, the clinical improvement would result in a
smoother motion and, thus, a lower score.To assess whether a ceiling effect was present for the 6
regional lumbar motion parameters, we stratified partici-
pants into quartiles for these measurements to exclude those
above the 75th baseline percentile, as they were unlikely to
improve, as they already had proper motion at baseline.
Systematic differences between age groups, sexes, and
obesity levels have previously been reported.32,33 There-
fore, based on the assumption that a ceiling effect could be
present in all subgroups, these factors were adjusted for, by
normalizing each subgroup relative to the subgroup mean
before the stratification into quartiles. Age was adjusted
based on 10-year age groups, and obesity was adjusted
using the cut-off point greater or equal to 30 kg/m2 as
recommended by the World Health Organization. 34
Differences in LBP intensity between the quartiles
were examined.
All regional lumbar motion parameters except for ROM
were nonnormally distributed; and we therefore used
nonparametric statistics, where possible and logarithmic
transformed data to fit formal statistical assumptions for
calculation of ICC. In addition, we presented mean values
for ROM but median values of all other regional lumbar
motion parameters with 95% confidence intervals (CIs)
because of the nonnormal distribution and calculated
Spearman correlation coefficients. Patients who became
worse (deteriorated) are also presented in tables, but the
groups were very small (ranging from 1 to 8 participants).RESULTS
Three hundred one patients were recruited and random-
ized; but due to technical problems with the equipment at
baseline and follow-up (80 patients) and also dropouts (22
patients), a total of 199 complete patient recordings were
obtained at baseline and at week 12. Of these, 62 received
SET, 77 received spinal manipulative therapy, and 60
Table 2. Lumbar Motion Changes Stratified in Baseline Score Quartiles
Measure
100-75 Quartile 75-50 Quartile 50-25 Quartile 25-0 Quartile
n Median (95% CI) n Median (95% CI) n Median (95% CI) n Median (95% CI)
P-P 50 −514 (−1284 to 87) b 50 501 (−273 to 869) 50 795 (437 to 1014) 49 800 (573 to 1077)
Vel 50 −6.2 (−11.0 to 3.3) b 49 1.6 (.3.6 to 6.7) 51 2.0 (−0.2 to 3.3) 49 6.9 (4.3 to 10.0) b
Jerk 50 1.3 (0.7 to 2.1) 49 −0.1 (−0.9 to 1.3) 50 0.8 (−1.0 to 2.0) 50 −3.3 (−3.9 to −2.0) b
ROM a 50 −6.3 (−9.7to −2.8) b 49 6.3 (2.0 to 10.5) 51 6.8 (3.7 to 9.8) 49 9.8 (6.5 to 13.2)
2D 50 −124 (−410 to 229) 49 118 (−214 to 466) 51 193 (−94 to 536) 49 375 (207 to 522)
3D 49 −29.6 (−67.4 to 3.0) b 51 16.5 (−1.9 to 39.1) 49 32.8 (11.3 to 52.1) 50 30.1 (18.8 to 45.7)
2D, 2-dimensional circumduction area (degree2); 3D, 3-dimensional circumduction area (square centimeter). CI, confidence interval; Jerk, Jerk Index
(number of changes in acceleration from full extension to full flexion), P-P, phase-plot Area (degree × [degree per second]); ROM (degree); Vel,
maximum flexion velocity (degree per second).
Jerk Index is displayed in an inversed format because our hypothesis of improvement was opposite, that is, people who already moved smoothly (low
index) had little capacity to improve further.
a Mean calculated instead of medians because ROM was normally distributed.
b Significant difference between quartiles based on 95% CI.
633Mieritz et alJournal of Manipulative and Physiological Therapeutics
Regional Lumbar Motion and Patient-Rated OutcomesVolume 37, Number 9received home exercises and advice. The individuals not
available for analysis were significantly younger (based on
CIs); but there were no significant differences in the other
baseline characteristics of BMI (kilograms per square
meter), sex, duration of pain, depression score, back/leg
pain distribution, back/leg pain intensity, and RMDQ
score (Table 1).
The change scores for the motion parameters from the
baseline upper quartile group were radically different from
change scores for the other quartiles in all motion
parameters indicating a possible ceiling effect (4 of 6
motion parameters were significant different from the other
quartiles) (Table 2); however, there were no significant
differences in LBP intensity between the quartiles.
Exclusion of patients from the baseline upper quartile
group did not improve the correlation between motion
parameter change scores and change scores for pain or
back-related function as hypothesized (Table 3A and B).
Thus, our hypothesis that excluding the patients with the
highest baseline scores would result in stronger correlations
between change scores could not be confirmed (Table 3).
In general, low and nonstatistically significant correlations
were found ranging from no correlation to r = −0.39 between
motion parameters and patient-rated outcomes (Table 3A, B,
and C). The 2-dimensional circumduction motion parameter
was the only lumbar motion parameter that significantly
correlatedwith pain score andRMDQscore in the total cohort
(P b .01); but the correlation coefficients were low, ranging
from − .20 to − .22(Table 3A). For most motion parameters,
stronger correlations were found in the group with back
pain only (motion parameters vs pain intensity ranging from
−0.37 to 0.05) compared with the group with back and leg
pain (motion parameters vs pain intensity ranging from−0.11
to 0.08), and the motion parameters showing the strongest
correlations to patient-rated outcomes were phase-plot
area, sagittal ROM, and 2-dimensional circumductionmotion
(Table 3B). In addition, stronger correlations were found in
the SMT group (motion parameters vs pain intensity ranging
from −0.39 to 0.03) (Table 3C).Our hypothesis that patients who had a clinically relevant
improvement in pain and back-related function would have
greater change scores in velocity, ROM, circumduction
area, and have a smoother motion compared with patients
who did not achieve a clinically relevant improvement
could also not be confirmed (Table 4). Some motion
parameters, however, did change as hypothesized; but the
CIs were wide, that is, none was significant (Table 4). In
general, the participantswho deteriorated, that is, experienced
at least 30% deterioration in back pain, decreased in all
motion parameters and changed to a less smooth motion.
However, the same consistent patterns were not found
between motion parameters and back-related function; and
in addition, only 8 participants deteriorated.
For subgroups based on pain distribution, differences
were identified in several motion parameters, when
comparing changes for participants with back pain only
vs back pain and leg pain (Table 5). For patients with back
pain only, all motion parameters changed in the hypothe-
sized direction, that is, the motion parameter scores
increased when clinically relevant changes were reported
both relative to back pain intensity and to RMDQ score,
with the exception of the Jerk Index. For the participants
with back pain only and no clinically relevant improve-
ment, zero was included in the 95% CIs. This was different
to those who had a clinically relevant improvement, with
the exception of the Jerk Index and the median CIs for the
maximum flexion velocity parameter. Significant differ-
ences between the clinically relevant improvement and no
clinical relevant change were found for the motion
parameters ROM (5.9 [95% CI 2.3-9.4] vs 1.0 [95% CI
−3.7 to 5.7]) degree, and phase-plot area (993 [95% CI 711-
1182] vs 161 [95% CI −558 to 828]) degree2 s−1 for back
pain intensity in the back pain only subgroup. Significant
increase in ROM (5.3 [95% CI 1.9-8.8] vs −0.4 [95% CI
−5.4 to 4.6]) degree was found between clinically relevant
improvement and no clinical relevant change groups for
back-related function (Table 5). This was in contrast to the
group with back and leg pain, where several motion
Table 3. Rank-Order Correlation Coefficients (Spearman r) Between Back Pain Intensity or RMDQ Reduction and Motion Parameter
Changes After 12-Week Interventions
A) Stratified by Quartile ([a] All Patients Available and [b] Highest Motion Scores [75% Percentile] From the Second Baseline Measurement Were Not
Included)
All Participants
BPI (a) BPI (b) RMDQ (a) RMDQ (b)
n 199 144-141 199 144-141
P-P −0.12 −0.16 −0.13 −0.21
Vel −0.06 0.00 −0.03 −0.03
Jerk 0.02 −0.02 −0.03 −0.13
ROM −0.09 −0.12 −0.15 −0.24 a
2D −0.22 a −0.17 −0.20 a −0.16
3D −0.09 0.00 −0.14 −0.06
B) Stratified by Pain Distribution and Quartile ([a] All Patients Available and [b] Highest Motion Scores [75% Percentile] From the Second Baseline
Measurement Were Not Included)
Back Pain Only Back Pain and Leg Pain
BPI (a) BPI (b) RMDQ (a) RMDQ (b) BPI (a) BPI (b) RMDQ (a) RMDQ (b)
n 89 60-64 89 60-64 110 78-82 110 78-82
P-P −0.36 a −0.24 −0.27 −0.17 0.05 −0.11 −0.02 −0.25
Vel −0.23 −0.07 −0.16 −0.09 0.08 0.03 0.07 0.00
Jerk 0.05 −0.01 −0.07 −0.13 0.00 −0.05 0.01 −0.13
ROM −0.22 −0.20 −0.14 −0.16 0.01 −0.07 −0.15 −0.30 a
2D −0.37 a −0.34 a −0.30 a −0.26 −0.11 −0.07 −0.12 −0.10
3D −0.14 −0.07 −0.11 −0.02 −0.07 0.04 −0.17 −0.10
C) Stratified by Treatment Groups
Measure
SET SMT HEA
BPI RMDQ BPI RMDQ BPI RMDQ
n 62 62 77 77 60 60
P-P 0.11 0.07 −0.39 a −0.34 a −0.01 −0.02
Vel 0.09 0.13 −0.21 −0.15 −0.07 −0.05
Jerk 0.10 −0.11 0.03 0.03 0.05 0.06
ROM −0.02 −0.02 −0.28 −0.24 0.05 −0.14
2D −0.07 −0.14 −0.32 a −0.21 −0.18 −0.20
3D 0.01 −0.02 −0.20 −0.21 0.01 −0.12
2D, 2-dimensional circumduction area (degree); 3D, 3-dimensional circumduction area (square centimeter); BPI, back pain intensity;HEA, home exercise
and advice; Jerk, Jerk Index (number of changes in acceleration from full extension to full flexion); P-P, phase-plot Area (degree × [degree per second])
RMDQ, Roland Morris Disability Questionnaire; ROM (degree), range of motion; SET, supervised exercise therapy; SMT, spinal manipulative treatment
Vel, maximum flexion velocity (degree per second).
a P b .01.
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hypothesized; and no significant differences were found.
Finally, we assessed the relationship between treat-
ment on pain and back-related function vs motion
parameters (Table 6). The SET group experienced the
highest percentage of clinically relevant improvement
compared with the other groups, that is, 85% for back
pain and 77% for RMDQ. This was followed closely by
the other 2 groups that ranged from 60% to 70%. In
general, the exercise groups had higher lumbar motion
change scores than the SMT group, when no clinically
relevant changes were reported (Table 6). Significant
increase between the clinically relevant improvement and
no clinical relevant change was found for the motion;
;parameter phase-plot area in the SMT group (back pain,
978 [95% CI 458-1309] vs −305 [95% CI −880 to 858])
degree2 s−1 and (RMDQ, 1054 [95% CI 467-1374] vs
267 [95% CI −394 to 864]) degree2 s−1 (Table 6). The
relative difference in the regional lumbar motion change
scores between clinically relevant improved vs no
clinical relevant change was consistently higher for the
SMT group (Table 6) and were stronger correlated than
the exercise groups (Table 3C).DISCUSSION
In this study, we assessed the relationship between change
scores in patient-rated outcomes (pain and back-related
Table 4. Regional Lumbar Motion Changes vs Clinically Relevant Changes in All Included Patients
All N30% Improvement in BPI (n = 143) No Change in BPI (n = 48) b30% Improvement in BPI (n = 8)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 580 (330 to 850) 296 (−206 to 831) −675 (−1349 to 2277)
Vel 2.3 (−0.2 to 4.3) 2.8 (−0.5 to 6.1) −2.0 (−13.9 to 9.5)
Jerk 0.05 (−0.7 to 0.8) −0.1 (−1.2 to 1.1) 1.2 (−3.2 to 9.5)
ROM a 4.8 (2.5 to 7.1) 2.8 (−0.9 to 6.6) −0.7 (−15.2 to 13.8)
2D 210 (108 to 388) 197 (−110 to 365) −402 (−1335 to 934)
3D 18 (8 to 29) 28 (7 to 48) −20 (−112 to 74)
All N30% Improvement in RMDQ (n = 136) No Change in RMDQ (n = 53) b30% Improvement in RMDQ (n = 8)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 603 (31 to 845) 308 (−240 to 830) 462 (−1109 to 1237)
Vel 2.0 (−0.5 to 5.0) 2.0 (0.6 to 4.1) −0.2 (−9.2 to 8.0)
Jerk 0.2 (−0.7 to 0.9) −0.5 (−1.2 to 0.8) 0.4 (3.8 to 2.5)
ROM a 5.1 (2.8 to 7.5) 1.8 (−1.8 to 5.4) 2.5 (−6.8 to 11.8)
2D 246 (108 to 402) 24 (−255 to 334) 164 (−901 to 474)
3D 21 (9 to 31) 11 (−14 to 33) 22 (−70 to 51)
2D, 2-dimensional circumduction area (degree); 3D, 3-dimensional circumduction area (square centimeter); BPI, back pain intensity; CI, confidence
interval; Jerk, Jerk Index (number of changes in acceleration from full extension to full flexion); P-P, phase-plot Area (degree × [degree per second])
RMDQ, Roland Morris Disability Questionnaire; ROM (degree), range of motion; Vel, maximum flexion velocity (degree per second).
a Mean calculated instead of medians because ROM was normally distributed.
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motion in a group of chronic LBP patients. In general, the
changes in regional lumbar motion parameters investigated
in this study do not tell us much about the changes in
patients' perceived back-related function or back pain
intensity and therefore as proposed by others may not be
good proxy measures of patient-rated outcomes.4,19,24
However, this study provides novel evidence that the
distribution of back/leg pain and treatment received affect
associations between motion parameters and patient-rated
outcomes. For instance, patients receiving “active” treat-
ment in the form of exercise therapy changed in regional
lumbar motion regardless of the clinical relevant improve-
ment, whereas patients receiving the more “passive”
therapy of spinal manipulation regional lumbar motion
changed only in patients experiencing a clinical relevant
improvement (Tables 3C and 6).
The way in which a person uses his/her back may
determine the presence or absence of pain,35 and a potential
attraction of kinematic assessments is the notion that they
might display abnormalities reflective of an underlying
disease.7 For instance, a person having back pain may
avoid certain postures that cause pain, or similarly, muscle
activation patterns may be altered because of pain.
Therefore, a functional kinematic assessment might seem
to be a logical choice to differentiate between subtypes of
back pain or evaluate progress over time. However, the
actual usefulness of regional lumbar motion measurements
remains controversial, especially the uncertain relationship
between patient perception and what can be measured
objectively. Lumbar motion measurements are probably
influenced by several subjective factors such as the patient's;agenda, motivation, effort, fear and other psychosocial
states as well as actual physical capabilities;4,36-39 and these
biopsychosocial factors may also be related to the presence
of chronic LBP.40 Cox et al36 stated that the use of more
refined measurements that are relatively independent of
patient control may offer a better representation of “true”
spinal dysfunction; however, as commented on by
McGregor and Hughes4, such measurements are not always
feasible in the clinical environment.
The correlations between subjective (patient rated) and
objective (regional lumbar motion) change values were
generally low or nonexistent. These weak associations
between changes in objective and subjective back-related
function have also been found by other researchers;4,8,23,24
and our results additionally show that the kinematic response
to treatment is less predictable, when leg pain is also present.
We hypothesized that removing the highest baseline
quartile of the motion parameters would result in a
stronger correlation because of a ceiling effect in the
motion parameters, for example, patients presenting with
high mobility might not be able to improve in their
regional lumbar motion. Indeed, we found that the
highest baseline quartile changed differently when
compared with the other quartiles (Table 2); but
surprisingly, removing these participants from the
analysis did not result in stronger correlations overall
and did not change other conclusions. Choosing other cut
points may have resulted in slightly different values, but
they were unlikely to have changed the overall picture.
Another consideration is that for the individual patient,
stratification based on a certain baseline score may be
inappropriate because some patients with LBP may not
Table 5. Regional Lumbar Motion Changes vs Clinically Relevant Changes Stratified by LBP Patients With and Without Leg Pain
Patients With Back Pain Only
N30% Improvement in BPI (n = 58) No Change in BPI (n = 27) b30% Improvement in BPI (n = 4)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 993 (711 to 1182) b 161 (−558 to 828) −1077 (−1624 to −295 c)
Vel 4.0 (−0.2 to 6.9) 0.7 (−5 to 6.5) −2.0 (−11.8 to 3.4 c)
Jerk −0.2 (−1.7 to 0.9) 0.2 (−1.9 to 1.5) 0.8 (−7 to 5.8 c)
ROM a 5.9 (2.3 to 9.4) b 1.0 (−3.7 to 5.7) −11 (−29 to 5.9)
2D 289 (118 to 559) 136 (−239 to 371) −722 (−1821 to 24 c)
3D 31 (4.5 to 50) 29 (−2.9 to 50) 20 (−160 to 22 c)
N30% Improvement in RMDQ (n = 60) No Change in RMDQ (n = 25) b30% Improvement in RMDQ (n = 4)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 844 (463 to 1161) 267 (−398 to 905) 593 (−2065 to 1124 c)
Vel 3.4 (−0.3 to 6.7) 3.0 (−3.9 to 5.3) 1.9 (−5.5 to 8 c)
Jerk 0.02 (−1.3 to 1.4) −1.1 (−2.5 to 0.7) −1.2 (−5 to 1.5 c)
ROM a 5.3 (1.9 to 8.8) b −0.4 (−5.4 to 4.6) 2.5 (−30 to 35)
2D 282 (86 to 528) 24 (−410 to 401) 136 (−1319 to 369 c)
3D 30 (4.2 to 50) 17 (−17 to 47) 36 (−120 to 52 c)
Patients With Back and Leg Pain
N30% Improvement in BPI (n = 85) No Change in BPI (n = 21) b30% Improvement in BPI (n = 4)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 316 (14 to 581) 666 (−241 to 1218) 1081 (−1217 to 4099 c)
Vel 1.4 (−2.3 to 3.5) 3.3 (−0.7 to 9.7) 2.8 (−18 to 22 c)
Jerk 0.6 (−0.7 to 1.1) −0.5 (−1.9 to 1.4) 5.9 (−1.3 to 10.6 c)
ROM a 4.1 (1.0 to 7.5) 5.3 (−1.2 to 11.7) 10.0 (−16.2 to 36.3)
2D 138 (−97 to 384) 265 (−238 to 633) 134 (−1101 to 1783 c)
3D 15 (4 to 24) 16 (−1.5 to 48) 8 (−89 to 137 c)
N30% Improvement in RMDQ (n = 76) No Change in RMDQ (n = 28) b30% Improvement in RMDQ (n = 6)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 391 (56 to 698) 397 (−294 to 912) 342 (−1184 to 2009)
Vel 0.3 (−2.5 to 4.4) 2.0 (0.01 to 5.6) 0.8 (−17.3 to 20.9)
Jerk 0.7 (−0.8 to 1.2) −0.4 (−1.1 to 1.4) 0.4 (−3.9 to 8.3)
ROM a 5.0 (1.6 to 8.4) 3.7 (−1.6 to 9.0) 2.5 (−5.1 to 10.1)
2D 225 (−58 to 426) 4 (−253 to 420) 236 (−1040 to 733)
3D 18 (6 to 29) 6 (−25 to 32) 18 (−83 to 49)
2D, 2-dimensional circumduction area (degree); 3D, 3-dimensional circumduction area (square centimeter); BPI, back pain intensity; CI, confidence
interval; Jerk, Jerk Index (number of changes in acceleration from full extension to full flexion); P-P, phase-plot Area (degree × [degree per second])
RMDQ, Roland Morris Disability Questionnaire; ROM (degree), range of motion; Vel, maximum flexion velocity (degree per second).
a Mean calculated instead of median because ROM was normally distributed.
b Significant difference between more than 30% improved and no change groups based on 95% CI.
c Lower (upper) confidence limit held at minimum (maximum) of sample.
636 Journal of Manipulative and Physiological TherapeuticsMieritz et al
November/December 2014Regional Lumbar Motion and Patient-Rated Outcomeshave a functional limitation relative to what is normal for
that particular individual but may still have limitations
when compared with other patients. The changes in the 2
outer quartiles could be explained by the regression
toward the mean phenomenon.2D, 2-dimensional circumduction area (degree); 3D, 3-dimensional circumduction area (square centimeter); BPI, back pain intensity; CI, confidence
interval; HEA, home exercise and advice ; Jerk, Jerk Index (number of changes in acceleration from full extension to full flexion); P-P, phase-plot Area
(degree × [degree per second]); RMDQ, Roland Morris Disability Questionnaire; ROM (degree), range of motion; SET, supervised exercise therapy
SMT, spinal manipulative treatment; Vel, maximum flexion velocity (degree per second).
a Significant difference between more than 30% improved and no change groups based on 95% CI.
b Lower (upper) confidence limit held at minimum (maximum) of sample.
c Mean calculated instead of median because ROM was normally distributed.;Limitations
There are several limitations in the current study that
need to be taken into consideration. This study was not
developed to differentiate between the specific effects of
treatment and contextual effects (including patient/provider;
Table 6. Regional Lumbar Motion Changes vs Clinical Relevant Changes in Back Pain or RMDQ by Treatment Group
SET
N30% Improvement in BPI (n = 53) No Change in BPI (n = 7) b30% Improvement in BPI (n = 2)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 316 (−32 to 710) 817 (−783 to 2060) −169 (−1101 to 763 b)
Vel 0.0 (−2.6 to 3.4) 8.7 (−3.2 to 21.6) −14.9 (−18.1 to −11.8 b)
Jerk 1.2 (−0.3 to 1.6) 0.2 (−4.2 to 6.9) 7.4 (5.8 to 8.9 b)
ROM c 3.2 (−0.8 to −7.1) 2.5 (−5.2 to 10.2) −1.5 (−109 to 105)
2D 181 (−1.0 to 441) 300 (−383 to 959) −186 (−897 to 525 b)
3D 18 (4 to 30) 48 (−16 to 106) −58 (−16 to 44 b)
N30% Improvement in RMDQ (n = 48) No Change in RMDQ (n = 12) N30% Improvement in RMDQ (n = 2)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 297 (−44 to 805) 249 (−896 to 1088) 1426 (763 to 2089 b)
Vel −0.2 (−2.7 to 4.3) 1.5 (−5 to 13.6) 2.3 (−18 to 22.6 b)
Jerk 1.2 (−0.3 to 2.5) 1.0 (−2.3 to 1.6) 2.5 (−4.0 to 8.9 b)
ROM c 3.1 (−1.1 to 7.3) 1.8 (−5.0 to 8.6) 1.8 (−5.0 to 8.6)
2D 283 (79 to 521) −55 (−642 to 592) 359 (193 to 525 b)
3D 16 (3 to 29) 32 (−22 to 60) 46 (44 to 49 b)
SMT
N30% Improvement in BPI (n = 52) No Change in BPI (n = 20) N30% Improvement in BPI (n = 5)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 978 (458 to 1309 a) −305 (−880 to 858) −1054 (−1624 to 4099 b)
Vel 4.7 (0.5 to 7.1) 1.4 (−7.8 to 5.0) −0.7 (−5.1 to 22.1 b)
Jerk −1.4 (−2.4 to 0.1) −1.0 (−2.6 to 1.0) −0.4 (−1.3 to 10.6 b)
ROM c 6.4 (2.7 to 10.2) 0.4 (−6.9 to 7.7) −9.9 (−28 to 27)
2D 265 (−35 to 568) −2 (−319 to 411) −547.7 (−1820 to 1782 b)
3D 23 (−1 to 45) 12 (−18 to 47) −22.2 (−89 to 136 b)
N30% Improvement in RMDQ (n = 46) No Change in RMDQ (n = 27) N30% Improvement in RMDQ (n = 4)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 1054 (467 to 1374 a) 267 (−394 to 864) −1051 (−2065 to 1292 b)
Vel 6.0 (−2.3 to 8.1) 1.9 (−0.3 to 4.7) −5.3 (−11.0 to 5.2 b)
Jerk −0.8 (−2.2 to 0.4) −1.2 (−2.3 to −0.4) −1.3 (−5.1 to 2.9 b)
ROM c 6.7 (2.5 to 10.8) 2.0 (−4.0 to 8.0) 2.0 (−4.0 to 8.0)
2D 242 (−44 to 544) −207 (−293 to 435) −411 (−1319 to 756 b)
3D 35 (3.3 to 65) 4 (−22 to 18) −39 (−120 to 25 b)
HEA
N30% Improvement in BPI (n = 38) No Change in BPI (n = 21) N30% Improvement in BPI (n = 1)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 521 (129 to 940) 572 (96 to 1016) −295
Vel 2.9 (−3.9 to 6.9) 2.5 (−2.6 to 8.5) 3.4
Jerk 0.6 (−1.9 to 1.4) 0.9 (−1.0 to 1.4) −7
ROM c 4.9 (0.3 to 9.6) 5.3 (0.1 to 10.5) 0.3
2D 130 (−136 to 505) 265 (−192 to 389) 24
3D 15 (−13 to 31) 33 (2 to 55) 22
N30% Improvement in RMDQ (n = 42) No Change in RMDQ (n = 14) N30% Improvement in RMDQ (n = 4)
Measure Median (95% CI) Median (95% CI) Median (95% CI)
P-P 444 (210 to 828) 746 (−527 to 1533) 593 (−80 to 1124 b)
Vel 1.5 (−1.2 to 5.8) 3.4 (−8 to 9) 5.6 (−3.8 to 8.1 b)
Jerk 0.4 (−1.8 to 1.3) 0.8 (−1.7 to 2.5) 0.9 (−3.4 to 1.5 b)
ROM c 5.9 (1.5 to 10.2) 1.4 (−5.0 to 7.8) 1.4 (−5.0 to 7.8)
2D 230 (−34.8 to 518) 68 (−337 to 412) 136 (−483 to 369 b)
3D 24 (8 to 33) 16 (−19 to 64) 36 (−30 to 52 b)
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patient outcomes. Instead, the trial was designed to be
pragmatic in nature, investigating typical interventions
offered in clinical practice. Therefore, the HEA group was
not a stringent control group but instead was intentionally
minimal in its approach, so it could serve as a pragmatic
control. Other limitations of the study design include the
potential impact of the loss to follow-up and missing data as
well as the lack of blinding of patients and providers, as
these ideal attributes are not feasible in exercise trials.
The present setup, where the fixed extremity of the
device was mounted on the sacral crest (S2) and the mobile
end of the device was mounted at the level of T7 with the
top edge of the horizontal metal pieces aligned evenly with
the inferior angles of the scapulae, may result in some
measurement error caused by a lack of precision in the
placement of the equipment. However, other methods such
as counting spinous processes from the sacrum may also
introduce imprecision, especially in obese people in
addition to being more time consuming. Furthermore, the
results are also influenced by the lowest thoracic region
being included in the motion analysis. Another factor, well
known for introducing measurement error (random and
systematic), is when different raters perform an assessment
of the same patient (interrater reliability). Nine different
examiners performed the lumbar dynamic performance test;
and a weakness with the current study is that for the second
baseline and the postintervention assessments, only 36%
were performed by the same examiner on each test day.
McGregor et al41 evaluated the possibility of errors
induced by movement of the CA 6000 harnesses and found
it to be minimal in all planes of motion (b0.05 mm);
however, the study sample for this evaluation was not
specified, nor was the way in which the assessment was
carried out. For the current study, no measurements were
done to determine if the fixator straps moved with or after
regional lumbar motion recording.
Another limitation of the current study protocol may be
that the time of day was not controlled for. Research has
indicated that ROM measurements are influenced by the
time of day.42,43 Ensink et al42 showed that the total lumbar
ROM measured by an inclinometer technique and the
modified Schober sign increased significantly throughout
the day from morning to afternoon.
Only mean pain intensity score from the past week was
collected for this RCT; and because of the fluctuation of the
condition, it may have been more appropriate to have used a
pain score at the exact time point of the lumbar motion
assessment. However, we have no data on pain during the
testing procedure or the potential influence this might have
had on the results. However, all patients who were evaluated
were able to complete the lumbar motion test trials.
We found that the participants with the highest baseline
motion scores changed differently from the rest of the
sample, indicating that a considerable proportion of thestudy sample may have displayed a ceiling effect, which
might question the use of this tool for measuring changes in
this population. The directions of the changes in the upper
and lower quartiles indicate a regression toward the mean
phenomenon (Table 2).
We included patients who became worse in the analysis,
and data are presented in tables, but interpretation of data
should be done with caution; firstly, because the groups
were very small (ranging from 1 to 8 participants); and
secondly, because improvement and deterioration may be
different concepts (eg, larger changes may be needed for
patients to feel worse than to feel better).44
Measurements should be reliable and valid for the
physiology being measured; however, several factors affect
reliability and measurement error, especially when using
instruments attached to the skin surface. Additional measure-
ment error is likely to be present, when the instrument is
attached on a patient wearing a T-shirt as done in this setup.
However, in general, the reliability of this test procedurewould
be considered to be moderate based on the ICCs and therefore
useful for analysis at a group level but not on the individual
patient level.28,29,45 In addition, the variation in ICCs (ranging
from 0.55 to 0.81) indicated that somemotion parameters were
more reliable than others. However, the reliability and
measurement error of the CA 6000 spine motion analyzer
have been tested in other several studies.29,43,46-53 Acceptable
ICCswere generally reported indicating that it may be used for
research purposes at the group level.
Moreover, only 199 patient recordings of the 301
included patients were available for motion analysis due
to technical problems and dropouts. Although our analysis
did not indicate any major differences between participants
and nonparticipants in this analysis, we cannot rule out
potential bias caused by missing data. Collectively, these
limitations may have affected the results of this study.
Future studies should examine relationships between
lumbar motion vs pain and back-related function measures
just before and during movement test procedure instead of
past week mean pain level as assessed in the present study.CONCLUSION
Overall, changes in regional lumbar motion were poorly
associated with back pain intensity scores measured by
ordinal 11-box scale for the previous week and back-related
function measured by RMDQ. This could not be explained
by a ceiling effect. However, associations between regional
lumbar motion vs patient-rated pain and back-related
function were different relative to subgroups. Thus,
stronger correlation coefficients and significant differences
between clinically relevant improved vs no clinical relevant
change were found in some motion parameters in the
subgroup with back pain only and the treatment group
receiving spinal manipulation.
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• The hypothesis that patients who had a
clinically relevant improvement in pain and
function would have greater change scores in
velocity, ROM, circumduction area, and have
a smoother motion compared with patients
who did not achieve a clinically relevant
improvement could not be confirmed in
general; but the explorative analysis indicate
that this could be different in certain
subgroups.
• This study provides novel evidence that the
distribution of back/leg pain and treatment
received affect associations between motion
parameters and patient-rated outcomes.
• Patients receiving “active” treatment in the
form of exercise therapy changed in regional
lumbar motion regardless of the clinical
relevant improvement, whereas patients re-
ceiving the more “passive” therapy of spinal
manipulation regional lumbar motion chan-
ged only in patients experiencing a clinical
relevant improvement.REFERENCES
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